In the ewe, the receptor content of LH and prolactin did not change very much during pregnancy. The corpus luteum showed normal luteal function until parturition although it was not necessary for maintenance of pregnancy in the ewes.
Introduction
Ziecik, Shaw & Flint (1980) analysed LH receptor levels in luteal membranes during the oestrous cycle and early pregnancy in the sow and demonstrated that a rapid increase of the receptors occurred around Day 30 of pregnancy, Prolactin receptors showed an important increase during the same period (Rolland, Gunsalus & Hammond, 1976) . The corpus luteum is absolutely necessary for maintenance of pregnancy during the entire pregnancy period in the sow (Du Mesnil du Buisson, 1973) .
In the ewe, the corpus luteum is required for the maintenance of pregnancy only during the first 50 days (Denamur & Martinet, 1955) ; after that, the placenta is responsible for the major part of progesterone secretion. LH receptors have been characterized and the profiles of their binding capacities analysed during the oestrous cycle and early pregnancy; some changes in binding capacity were observed (Diekman, Callaghan, Nett & Niswender, 1978) . To our knowledge, no work has been published on prolactin receptor profiles of sheep corpora lutea.
The aim of the present study was to describe comparative changes in prolactin and LH receptors in the sow and ewe throughout pregnancy when the corpus luteum function is of relatively different importance in the two species. In addition, we have analysed changes in the receptors for placental lactogen hormone in the ewe. The presence of these receptors has been demonstrated (Chan, Robertson & Friesen, 1978) and they appear to possess a binding specificity different from that of prolactin receptors. A similar hormone has not yet been identified in the sow (Kelly, Tsushima, Shiu & Friesen, 1976) . Materials and Methods Membrane preparation. Corpora lutea, collected from Large White sows (25 animals) and Prèalpes-du-Sud ewes (25 animals) at different stages of pregnancy, were trimmed, weighed, minced on an ice-bed and homogenized in ice-cold 0-3 M-sucrose using a Polytron homogenizer at medium speed for 30 sec. The ratio of tissue to sucrose was 1:5 (w/v). The homogenate was filtered through a nylon strainer (64 pm) and centrifuged at 200 # for 20 min and the supernatant was centrifuged at 100 000 g for 20 min. The resulting pellet was suspended in 3 ml ice-cold 25 mM-Tris-HCl, pH 7-4, containing 10 mM-MgCl2 and was stored at -80°C until assayed. A fraction of the membrane preparation was assayed for protein by the method of Lowry, Rosebrough, Farr & Randall (1951 (Channing & Kammerman, 1973; Diekman et al., 1978; Ziecik et al., 1980) .
The prolactin receptor contents were characterized in sows by ' 2SI-labelled ovine prolactin (PS 13, 30 i.u./ng) and in sheep by 125I-labelled ovine prolactin and 125I-labelled human GH (HS 2160, 2 i.u./mg). Human growth hormone has been shown to have lactogenic activity in the rabbit mammary gland (Forsyth, 1971) and has been used to identify prolactin receptors in a number of target organs (Posner, Kelly, Shiu & Friesen, 1974; Djiane, Delouis & Kelly, 1979; Friesen, Shiu, Elsholtz, Simpson & Hugues, 1982) . The major advantages of hGH or hCG for receptor studies consist in their higher resistance and stability during and after labelling by 125I. These various hormones and ovine placental lactogen, which was kindly provided by Dr H. G. Friesen, were iodinated using chloramine by the method of Greenwood, Hunter & Glover (1963) Hormone assay. Plasma and luteal progesterone concentrations were determined after extraction in one assay by radioimmunoassay, using tritiated progesterone ([1,2,6,7-3H]-progesterone; sp. act. 80 pCi/nmol, Amersham Int., Bucks., U.K.) and a specific antiprogesterone antibody (obtained by injection of lla-hemisuccinate-progesterone in rabbits). Assay sensitivity was 0-2 ng/ml and the intra-assay coefficient of variation was <5%.
Statistics. The data were statistically compared by the multirange Duncan-Krammer test. Differences were considered significant when ¿ 0-01.
Results

Sow
The weight of the corpus luteum increased rapidly during the first 10 days of pregnancy and remained unchanged until parturition when, as expected, a decrease was observed (Text- fig. la ). (Text-fig. 3b ). The binding values (7-5 ± 0.45 fmol/mg protein) were 5 times lower in ewe than in sow corpora lutea and could be related to a particular requirement of the prolactin receptor in the ewe in terms of the nature of the ligand. In fact, when prolactin receptors were titrated using ,25I-labelled hGH, and displaced by unlabelled ovine prolactin, changes were detected (Text- fig. 3b ). Specific binding of 125I-labelled hGH showed a 6-fold increase during the first half of pregnancy (P < 0-001) between Days 0 and 60. This increase preceded that of LH receptors and was more evident than in sow corpora lutea. During the second half of pregnancy in the ewe, prolactin receptors were constant and decreased at the time of parturition. This pattern was different from that in sow corpora lutea in which a second peak of prolactin receptors was observed in late pregnancy (Text- fig. lb ). Corpus luteum weight increased during early pregnancy and then remained constant throughout pregnancy (Text- fig. 4 ). Progesterone content (Text- fig. 4 ) was maintained at a high level until parturition, suggesting that the corpus luteum was functional during the entire pregnancy. Text- fig. 4 . Changes in luteal wet weight and luteal content of progesterone in the ewe during pregnancy. Each point is the mean ± s.e.m. for the no. of animals indicated in parentheses.
Discussion
The results presented here emphasize that there are large quantitative differences in gonadotrophic hormone receptors between sheep and pigs. LH and prolactin receptors were found in much higher concentrations in the corpus luteum membranes of the sow. Plasma prolactin levels during pregnancy are much higher in ewes (10-50 ng/ml : Kann & Denamur, 1974) than in sows (7 ng/ml : Dusza & Krzymowska, 1981) .
In the sow, the plasma level of LH in early and mid-pregnancy is comparable to its concentration in the mid-luteal phase of the oestrous cycle (4-5 ng/ml), but the LH pulses occurring in the second half of pregnancy are less numerous and of a lower amplitude (Ziecik, Tilton, Weigh & Williams, 1982 . In the ewe, the LH concentrations in the blood during early pregnancy are low (Niswender, Roche, Foster & Midgley, 1968) . During late pregnancy, it is likely that they follow a similar pattern to those in the sow.
The characteristics of prolactin receptors appear to be different in the two species : ' 25I-labelled ovine prolactin and hGH are equipotent tracers for the measurement of prolactin receptors in sow mammary gland (results unpublished), whereas 125I-labelled hGH appears to be the more adequate tracer for labelling prolactin receptors in sheep-a paradox which has been noted by Servely et al. (1983) , who studied the specificity of prolactin receptors in sheep mammary gland. This observation cannot be easily explained, but it may be due to an alteration of the prolactin molecule after iodination. In spite of the lower binding of 125I-labelled ovine prolactin, the presence of such receptors is without question. However, to analyse receptor modulations with accuracy, it was easier to use 125I-labelled hGH: the non-specific binding was determined with unlabelled ovine prolactin.
In accord with previous published work (Rolland et al., 1976 ; Buisson, 1973) . In this case, the sow corpus luteum appears to have more LH and prolactin receptors and to be capable of detecting residual hormonal concentrations which are frequently observed after this surgical operation (Bryant, Greenwood, Kann, Martinet & Denamur, 1971) , and of secreting progesterone until parturition.
The increase in LH and prolactin receptors during pregnancy may be due to different hormonal regulation. In the present work, the prolactin receptors increased earlier during pregnancy than did the LH receptors. This was more evident in the sow corpus luteum, suggesting a possible regulatory role of prolactin in the induction of LH receptors, as demonstrated by Richards & Williams (1976) for rat granulosa cells, and by Holt, Richards, Midgley & Reichert (1976) for rat luteal cells.
Placental secretion, and particularly that of oestrogens, may play a crucial role in the increase of LH receptors. Oestrogens, which are luteotrophic in the intact sow (Kidder, Casida & Ruimmer, 1955; Gardner, First & Casida, 1963) , are produced by the placenta in this species and increase at Days 25 and 70 (Fèvre, Leglise & Rombauts, 1968 (Goldenberg, Bridson & Köhler, 1972) and stimulate 125I-labelled LH binding to dispersed granulosa cells (Nakano, Akahori, Katayama & Tojo, 1977) and luteal membranes (Garverick, Polge & Flint, 1982) in the sow. Oestrogens also play a role in prolactin receptor regulation, as demonstrated in pig granulosa cells at the time of luteinization (Hammond & Krall, 1979) . The mechanism of oestrogen regulation is unknown, but it can be concluded from these studies that oestrogens may have a direct effect on the corpus luteum and on LH and/or prolactin receptor content in sows.
The pituitary gonadotrophins (LH and prolactin) are important regulators of corpus luteum progesterone biosynthesis but other hormonal regulation, and in particular placental hormones, can be involved in the secretory function. A lactogenic hormone of placental origin (placental lactogen) has been identified in sheep (Handwerger, Maurer, Barrett, Hurley & Fellows, 1974) ; this hormone presents a low and stable binding during pregnancy which is independent of prolactin receptor concentrations (Chan et al., 1978) . The results described above suggest that ovine placental lactogen may have a direct action on luteal cells since this hormone binds to luteal membranes. Although ovine placental lactogen has no acute action on the progesterone secretion of dispersed luteal cells (Rodgers, O'Shea & Findlay, 1983) , it may have a long-term effect on the overall functions of these cells in facilitating their responses to LH and prolactin.
